1. Introduction {#sec1}
===============

Differentiated thyroid cancer (DTC) is the most common endocrine malignancy in children \[[@B1], [@B2]\]. Although children with DTC often present with advanced stage and have a high recurrence rate, the overall prognosis is excellent with survival rates of 92-100% \[[@B1], [@B3]--[@B11]\]. The papillary subtype accounts for 95% of DTC in children and adolescents while the follicular subtype accounts for 5% only \[[@B12], [@B13]\].

The management of DTC in children varies between institutions. This is partly due to the lack of randomized trials in pediatric DTC, and treatment has mainly been based on adult guidelines. However, DTC behaves differently in children in comparison to adults; the clinical presentation is more aggressive and there is a higher risk of persistent and recurrent disease after initial therapy \[[@B1], [@B4], [@B7]\]. Further, as the disease-specific mortality related to thyroid cancer is extremely low in children, the AJCC staging remains limited in terms of prognostic significance in this group \[[@B14]\]. Retrospective studies show conflicting results regarding predictors of persistent and recurrent disease after initial therapy, including age at diagnosis, sex, tumor size, multifocality, node and metastasis (TNM) stage, type of surgery (total or partial thyroidectomy or lobectomy), and other factors \[[@B15]--[@B19]\].

In 2015, the American Thyroid Association (ATA) published management guidelines for children with thyroid nodules and DTC \[[@B14]\]. The guidelines classify patients into low, intermediate, and high risk for recurrence ([Table 1](#tab1){ref-type="table"}). This classification does not predict mortality; rather it is designed to identify patients at risk for persistent cervical disease and/or distant metastasis after surgery. The objective of the present study was to analyze the performance of the ATA risk classification for predicting response to initial treatment and also for final outcome in a single center cohort of patients diagnosed with DTC at or before 18 years of age.

2. Materials and Methods {#sec2}
========================

We used data on patients from London, Ontario, included in the Canadian Thyroid Cancer Consortium Registry (CTCCR). The CTCCR is a thyroid cancer registry in London, Ontario, Canada, used to collect data on patients with thyroid cancer. The registry was established in 2005 and is used to collect data related to participants\' thyroid cancer. Patients are recruited during assessment or follow-up clinical visits in Endocrinology and Nuclear Medicine thyroid cancer clinics. All patients in the registry and/or their parents provided written informed consent to have their deidentified data included in the database. Currently the registry contains about 3200 participants. The study was approved by the Western University Research Ethics Board.

For this retrospective study, we included all patients in the registry diagnosed with papillary DTC at ≤ 18 years of age between 1971 and 2016 with a follow-up of at least one year. We chose the cutoff of 18 years of age as recommended by the ATA management guidelines for children with thyroid nodules and DTC \[[@B14]\]. We excluded patients with follicular thyroid cancer, poorly differentiated thyroid cancer, or medullary thyroid cancer.

We collected data regarding clinicopathological characteristics, including age at diagnosis, sex, family history of thyroid cancer (1st degree relatives), history of prior radiation exposure to the head/neck or chest, pathology including variants of papillary DTC, tumor multifocality, tumor size, extrathyroidal extension (ETE), lymph node metastases at diagnosis (number of involved nodes and their location, central versus lateral neck), distant metastases, management such as radioactive iodine (RAI) ablation/therapy, additional surgery, follow-up visits, and ATA pediatric risk assessment. The 7th edition of the American Joint Committee on Cancer (AJCC) classification system was used to determine the tumor stage and TNM staging \[[@B20]\].

We also collected information on methods of treatments, including extent of thyroid surgery (total thyroidectomy versus less than total thyroidectomy), lymph node dissection, and RAI ablation. We obtained information on follow-up duration and disease course following initial treatment, including disease status specified as disease free, persistent disease, or recurrence as appropriate.

We determined the clinical course, including response to initial treatment (within first year) and disease status at the last follow-up visit. Patients were considered to be disease free if they had nonstimulated/suppressed thyroglobulin (Tg) level of less than 2 ng/L or stimulated Tg \<10 ng/L and no structural evidence of disease on imaging studies including ultrasound, computed tomography (CT), positron emission tomography (PET), or diagnostic total body RAI scan. Persistent disease was defined as nonstimulated Tg Level of ≥ 2ng/L, stimulated Tg\>10 ng/L, and/or evidence of disease by imaging mentioned above. Recurrence was defined using the same criteria as for persistent disease, but after having been disease free. If thyroglobulin antibodies were present, recurrence required anatomical documentation of presence of disease.

All patients were retrospectively classified according to the pediatric risk classification as described in the 2015 ATA guidelines for pediatric thyroid cancer ([Table 1](#tab1){ref-type="table"}) \[[@B14]\]. There were no clear definitions for minimal or extensive lymph node disease in the ATA pediatric thyroid cancer guideline. Therefore, for the present study we used the definition provided in the recent ATA Thyroid Nodule and Differentiated Thyroid Cancer Guideline (extensive involvement if \> 5 lymph nodes or size of ≥3mm in largest diameter). We assessed the performance of this classification as a predictor of persistent and recurrent disease after initial therapy and as a predictor of disease status at the last follow-up visit.

Numerical variables are presented as mean±SD or median and range. For statistical analysis, we compared categorical variable using the Chi-square test and compared continuous variables using the student t-test. A P value \<0.05 was considered statistically significant.

3. Results {#sec3}
==========

We included 41 patients diagnosed with papillary DTC before or at 18 years of age; the patients were diagnosed between 1971 and 2016 with a minimum follow-up of one year. The baseline characteristics of the patients are shown in [Table 2](#tab2){ref-type="table"}. The majority (83%) was female, and the mean age at diagnosis was 16.2±1.8 years (range 11 to 18 years). Previous radiation exposure was present in 4 (10%) patients, 3 male and 1 female. The indication for the previous radiation was malignancy in all 4 patients. Tumor multifocality was present in 15 patients (37%). Lymph node metastases were confirmed in 23 patients (56%) and distant metastases in 6 patients (15%); all were located in the lungs. Most patients (93%) underwent total thyroidectomy; 10 of these had initial hemithyroidectomy followed by completion thyroidectomy after the pathology results had been obtained, while 3 patients had their completion thyroidectomy done later due to disease persistence or recurrence. At the time of the initial surgery, lymph node dissection was done in 39% of patients. RAI ablation was given to 36 patients (88%); RAI ablation was not given to low risk patients (tumor less than 2 cm with no extra thyroidal extension, no pathological lymph nodes, or distant metastases).

Most patients (85%) were classified as AJCC stage I; 15% was classified as stage II. Based on the ATA pediatric risk classification, patients were categorized as low (61%), intermediate (10%), or high risk (29%).

3.1. Course during Follow-Up {#sec3.1}
----------------------------

The median follow-up period was 7.3 (range 1-41) years; there was no statistically significant difference in follow-up duration between low, intermediate, and high risk groups. Low risk patients were seen annually; high risk patients (patients with high stage and/or persistent disease) were seen more often (usually every 3-6 months). The clinical course during follow-up is shown in [Figure 1](#fig1){ref-type="fig"}. Within one year after initial treatment, 73% of patients were disease free while 27% of patients had persistent disease. Of the 11 patients with persistent disease, 7 were disease free after a median time of 4 years, and 3 had persistent disease at last follow-up. Recurrence occurred in 4 (13%) of the 30 patients who were disease free after initial treatment. All recurrences occurred in the neck, after a median follow-up of 8 (4-14) years, and none of these patients became disease free during follow-up. All four patients had persistent disease at the time of the last follow-up. Two of the patients moved, one out of the country, and the second patient moved to another center in the country. We have no further information on the clinical course in these two patients. The third patient had an initial ablation of 5.5 GBq and then a second therapy 6 years later (5.5 GBq). One year after the recurrence, ultrasound of the neck showed a heterogeneous level 4 lymph node 1.5 x 1.1 x 0.5cm; this has been stable on twice-yearly follow-up until the last follow-up 3 years later. The fourth patient had initial RAI ablation and on follow-up had a recurrence consisting of a 9 mm hypoechoic nodule at the sternal notch documented on both ultrasound and CT scan. The patient was reviewed by our tumor board who recommended not to proceed with surgery and consider a second RAI treatment if progression occurred. Annual follow-up for two years showed stable disease at the last follow-up.

Assessing the status of all 41 patients at the last follow-up visit showed that the majority of the patients (80%) were disease free; 8 patients (20%) had persistent disease. There was no mortality related to DTC or other causes in our study.

The response to initial treatment in relation to the pediatric ATA Risk Stratification is shown in [Figure 2](#fig2){ref-type="fig"}. Disease free status was achieved in 92%, 50%, and 42% of the low, intermediate, and high risk groups, respectively (P \<0.01, Chi-square test).

The risk for recurrence and status at last visit in relation to the pediatric ATA Risk classification is shown in [Table 3](#tab3){ref-type="table"}. In patients who did achieve disease free status after initial treatment, the risk for recurrence was 13% (3/23), 0% (0/2), and 20% (1/5) for the low, intermediate, and high risk groups, respectively. With respect to disease status at the last clinic visit, there was no statistically significant difference between the three groups, with disease free status being achieved in 88%, 75%, and 67% of the low, intermediate, and high risk groups, respectively (P=0.27).

We also analyzed the relation between clinicopathological risk factors and risk for disease recurrence and/or persistence ([Table 4](#tab4){ref-type="table"}). Presence of lymph node metastasis at presentation was associated with increased risk for persistent disease/recurrence, but this did not reach statistical significance. Patients without distant metastases were more likely to be free of disease during follow-up than patients with distant metastases at presentation (P\<0.01). With respect to disease status at last visit, the presence of distant metastases resulted in increased presence of persistent disease*(P=0.04)*. Sex, family history of DTC, previous radiation, tumor size, tumor multifocality, ETE, and initial RAI treatment were not associated with risk of disease recurrence and/or persistent disease (data not shown).

4. Discussion {#sec4}
=============

In this retrospective study of 41 pediatric patients with papillary DTC, the majority of patients (61%) were classified as low risk; 10% was classified as intermediate risk and 29% as high risk. We found that the clinical risk stratification as outlined in the 2015 ATA pediatric thyroid cancer guideline was a good predictor of initial response to treatment, but was not effective in predicting long-term disease free status. The risk for persistent disease at the last follow-up visit was increased in patients with distant metastases at presentation.

With respect to the distribution of patients in our study classified as low, intermediate, and high risk, a similar distribution was reported in other studies \[[@B8], [@B21]\] and appears to be fairly representative for the pediatric DCT population, indicating that our study had good face validity.

Regarding the disease status at the last follow-up visit, the results in both our study and the Lazar study \[[@B21]\] were remarkably similar; disease free status was achieved in 88% and 90% in the low risk group of the two studies as compared to 67% and 56% in the high risk group. For the present study, the difference in status at last visit between low and high risk groups was not statistically significant; this is likely due to the lack of power of this relatively small study. In aggregate, these retrospective studies indicate that the ATA Risk stratification is very helpful in predicting response to initial treatment.

The ATA pediatric guidelines state that classification into the intermediate versus the high risk group is based on lymph node status, but the number of lymph nodes or their size was not specified. We elected to use the definition used for adult patients \[[@B22]\]. We suggest that future versions of the pediatric DTC guidelines provide a definition which ideally should be harmonized with the adult guidelines in regard to lymph node status. In our study, we did not find that the presence of lymph node metastasis was associated with a higher risk for persistent/recurrent disease; however our sample size was small. A recent Italian study \[[@B23]\] found that N1b lymph node status was a strong predictor for persistent/recurrent disease.

In the present study, the recurrence rate of 13% was relatively low compared to rates of 20-30% reported in some studies \[[@B24]\]. This might be related to the relatively older age of our pediatric cohort, as some studies have reported a higher recurrence risk for younger children \[[@B25], [@B26]\].

We found that recurrence of DTC occurred after a median of 8 years, which is consistent with studies reporting that over 50% of recurrences were found within 7 years \[[@B14], [@B27]\]. However, given that half of recurrences occur more than 7 years after the initial diagnosis, this and other studies support the need for long-term follow-up of patients with pediatric DTC.

Interestingly, the data from our cohort indicates that all patients who did have disease recurrence (after having been disease free) continued to have persistent disease when followed for a median of 4.1 (1.5-30.4) years. This finding of high risk of persistent long-term disease after recurrence needs to be confirmed in other studies, especially as the number of patients in our study was small.

Our study has several limitations, including the potential selection bias for a single institution, the relatively small number of patients, the long recruitment period (longest follow-up 41 years), and its retrospective nature. The number of patients in the intermediate risk group is very small. With a median age of 16 years our group was somewhat older than in most other studies \[[@B14]\]. This may be relevant, as some studies suggest that younger age is one of the major predictors of recurrence risk in pediatric DTC \[[@B3], [@B6], [@B19]\] but other studies failed to confirm this finding \[[@B5], [@B8], [@B11]\]. While the physicians in our study are not pediatricians, the treatment of DTC in our center is primarily done by otolaryngologists and nuclear medicine specialists, who treat DTC across all age groups. Importantly, the treatment of pediatric DTC has clearly evolved during the study period and continues to do so and may especially continue to evolve after the publication of the 2015 guideline, so that prospective evaluation of the risk classification remains warranted.

Our study has several strengths. All patients included in our cohort had papillary thyroid cancer, the majority was female, and lymph node metastases were present in over half of patients, so overall our patient group was very representative of pediatric patients with thyroid cancer.

In conclusion, the present retrospective study supports the clinical relevance of the recently published ATA risk classification for pediatric DTC. It has significant prognostic value for predicting the response to initial treatment. Going forward, performing prospective multicenter studies would be required to assess the long-term predictive value of the ATA risk classification in pediatric patients and determine the significance of the presence of nodal disease.
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###### 

American Thyroid Association Pediatric Thyroid Cancer Risk Levels (2015).

  ATA pediatric risk level   Definition
  -------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Low                        Disease grossly confined to the thyroid with N0/Nx disease or patients with incidental N1a disease (microscopic metastasis to a small number of central neck lymph nodes)
                             
  Intermediate               Extensive N1a or minimal N1b disease*∗*
                             
  High                       Regionally extensive disease (extensive N1b) or locally invasive disease (T4 tumors), with or without distant metastasis

*∗* There were no clear definitions of minimal or extensive lymph node disease in the ATA pediatric thyroid cancer guideline. Therefore, for the present study we used the definition provided in the recent ATA Thyroid nodule and Differentiated Thyroid Cancer Guideline (extensive involvement if \> 5 lymph nodes or size of ≥3cm in largest diameter).

###### 

Baseline characteristics of pediatric patients with papillary DTC.

  Characteristic                                    Result
  ------------------------------------------------- --------------
  Female                                            34 (83%)
  Male                                              7 (17%)
                                                    
  Age at Diagnosis (years)                          16.2 ± 1.8
                                                    
  Family History of Differentiated Thyroid Cancer   3 (7%)
                                                    
  Previous Radiation                                4 (10%)
                                                    
  Surgery                                            
   Total thyroidectomy                              38 (93%)
   Hemithyroidectomy only                           3 (7%)
                                                    
  Lymph Node dissection                              
   Central                                          5 (12%)
   Lateral                                          6 (15%)
   Central+ Lateral                                 4 (10%)
   Mediastinal+Lateral                              1 (2%)
                                                    
  Tumor Multifocality                               15 (37%)
                                                    
  Tumor Size^a^                                      
   \>4cm                                            11 (28%)
   ≤4cm)                                            28 (72%)
                                                    
  Extrathyroidal Extension                          16 (39%)
                                                    
  Distant metastasis                                6 (15%)
  Lymph Node metastasis                             23 (56%)
                                                    
  AJCC (7^th^) Stage                                 
   Stage I                                          35 (85%)
   Stage II                                         6 (15%)
                                                    
  ATA Pediatric Risk                                 
   Low                                              25 (61%)
   Intermediate                                     4 (10%)
   High                                             12 (29%)
                                                    
  Follow-up period (years)                          7.3 \[1-41\]
                                                    
  RAI ablation                                      36 (88%)
                                                    
  Initial RAI dose (GBq)                            4.2 ± 1.1

Results are presented as Mean ±SD or Median \[Range\] unless otherwise indicated.

^a^Tumour size was not available for 2 patients; ^b^information not available for one patient who had initial treatment outside of Canada; RAI = Radioactive Iodine.

###### 

Clinical course and final outcomes in relation to pediatric ATA risk classification.

                                               Pediatric ATA Risk Classification                   
  -------------------------------------------- ----------------------------------- --------------- ---------------
  Follow-up duration (years)                   7.34 \[0.5-41\]                     7.34 \[2-13\]   7.34 \[1-34\]
                                                                                                   
  *Course during Initial follow-up* ^*a*^                                                           
                                                                                                   
   Persistent Disease (n=11)                   2 (8%)                              2 (50%)         7 (58%)
                                                                                                   
   Disease Free (n=26)                         20 (80%)                            2 (50%)         4 (33%)
                                                                                                   
   Disease Free followed by Recurrence (n=4)   3 (12%)                             0 (0%)          1 (8%)
                                                                                                   
  *Status At Last Visit* ^*b*^                                                                      
                                                                                                   
   Disease Free (n=33)                         22 (88%)                            3 (75%)         8 (67%)
                                                                                                   
   Persistent Disease (n=8)                    3 (12%)                             1 (25%)         4 (33%)

Data are presented as median \[range\] or n (%).

^a^P\<0.01 for course during initial follow-up (Persistent Disease versus Disease Free \[including Disease Free followed by Recurrence\], Chi square).

^b^P=0.3 for status at last visit.

###### 

Predictive effects of some clinicopathological characteristics on disease course during follow-up and at last visit.

  Baseline Characteristics (n)   *Disease Course During Follow-Up*   *Disease Status at Last Visit*                      
  ------------------------------ ----------------------------------- -------------------------------- --------- ---- --- --------
  *Lymph node metastasis*                                                                             .091193            NS
  Present (23)                   11                                  12                               6         17       
  Absent (18)                    4                                   14                               2         16       
                                                                                                                         
  *Distant Metastasis*                                                                                0.0005             0.0414
  Present (6)                    6                                   0                                3         3        
  Absent (35)                    9                                   26                               5         30       
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